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mﬂi&m&&.‘m- _ 2039100

JrouGurd CUrvus over Lhe ru ui

oropeu.nntu gave cu:zxpurative ratss of burning r

two extreues of 0.47 und .85 with rugact to 5

Thio 1l ba of intsrest to tm Meuniticn Levals
Lockul _evelopment vivi

.au\%m. wrvice of ica

U629 Fuath ¥ j3li,
. Col., Ord. Dept. %

For the ,Alitary ,.ttachoy

. of STWT
L. Col Py Gnv
.‘;wcu_ti_vo mficerr, %o

Distriburioa by arighastar 3 =
Routisg epacs below for um ia M. L D, The section lndioxting the &lstribution: will
lower port ﬁ'ye saciptents” bas in case ooe copy osly s to g0 to him, o will Indicats the pumber
wor: thanone should be rent, ‘The' nmnst mln'ui the Inle!lkm Branch wlll-dn'n dld-ucud f.bl
fecipient $o which the mnhr m_ 10§
E Y - Chiat.




vl ,-. g AL.‘ 3 84&')7 ,

£ e % & T T BAL.<B6
0214624

- &

By J,D. Buffingten sad J. Ibell,

Commund,mted b S.B, D B .

Uarch, 1945,

Qontents
1, Sumary, o 1% %
2, Introdustion. .
35, © ratse of of German propellsnts.

3.4, Type (a oxpor!mtnl u'nuw

3e2. Type b

3e3e Type . .

ebsn Dertmu- of oaloulation far noom'lto ocooparative

ratea of barning.

ha Absolute rata of Buming of RN, 1957.3,

4.1, Experimental detsils '
4.2, Details of caloulation for ssourate absolute

rates of burming.
5+ Resulta ond disousaion.

1. Sumary
Tha German propallanta vonsidersd were fran the 2% am,
furfgranata 8pr,, the 28 on, WwrfBrper and tha 1800 kg,
rocket assisted bomb, In tho firat place tha rates of bumi;
were obtained as comparstive values using a senple ef Brxthh
8.0, aordite (Batoh R.H.19}7 5.) as a atanderd, htax- tha
abaolute rets of burning of the standard was
thus the sbsolute ratea of 'hnrni.u of Qha Gezman pmp-n..nn
were oaloulated, The range of pressurs ocnsidared wea fram
400 to 2,000 1b./aquiu. A few results have besn obtained
sn the reglon of 3,000 1b,/eq.in, wnd these are inoluded in
tha regort, 7The meihod used in the sxporiments fram 400 to
2,000 1b./aq.in. waa based o tha interrupted
technique dasoribed in P,D.K, report No. 1542/h4, Standard
3 4in, ronket tubea out to various lengths and in eome osces
fitted with speaial chokoe instead of venturis were used and
by nmng the oonditions it was possible to obtain

sy igular pr ourves over the required
yreuuza rnngo. The Garwan yrepeulntl gave comparstive ratsa
the two of Coh7 and 0.85

Tenging
uth nu;.oct to 8,U, Cordite,

{ 2STPrrs 1o E‘
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2, Istrodustion &
The rate of turming of & propeilant and She variation with
preseurs, teperaturo end with the icicelty of gas cvor the
eurfane h of abvious importance in the dsaign of rocketa, Thz
Germans eppear to hava teken oonsideredlo trouble over the danign
of thair rookete and 4t is of interest to ewning tha peopellonts |
which thay have nzod and especinlly to dotermine thrir ratos of |
‘burning,
Nany ring rates of huming have docn uvsed |
by different mvmsugataru. It is desivable to burn the samplos
under conditions which give a atoady pressurs during th{ 5»21\1:@
‘but shis 10 M uly to echisve in pradtice, B.F, Boysl b
'y of namples in e |

used the
vanted vesesl nnd m 1ntommﬁ.m of the burning eo that the
ars recovered snd mmasured, A main charge

i S e M

define the time at whi
the contents of the veszol are sjected and the sammplea recovered.

Shackleton {eso ref, 2,) used a mothod in whioh the propollsot

ander investigation was auuoa o hurn  oampletely in a vented

vosusl and the rete of B Ty g tha

eriginal thickness af the pch;n-nt by the time of burni.ng |
sorrections boing eyplied for the portion of the time duping

which the prossure was not constant,

Auother mothod fe $at of Pi¥e end Greenl?) yho vasd o |
olosed vessal in which the pressure 1s ruised rapidly to the
dexired valus by nn:.; of & "booater* charge of this oardito.
is

e
l»lntoa-pni.ﬂodd:gth. m.hcuddapthotth‘b:helu.

The sd juated te°
mmmtn1mumm»tuum.m
topped P Retion of ng ie indiesteld

The
\vlnﬂd-uht'uthaupaofﬁnpmum ocurve,

The direct messurement of rates of buming by an sldetiils )
nothod has bean desariled by P, Daniels and vollaboreturs |

tdming
{University of Wisoonwin), In sxparimente and iu thoss of
Orewlerd, ottt and Mo the time neossesry to dum e R
long ctnnd the propollast wes obaerved, Tha tiwee Jaxy .
used = phatographic mathod lewe wnvw - |

Shan the dleotrie method tut sllowing an exaadustion of the’
n—.ﬁwuqamoh«uturmmn ty of Gn
sinils: 'lthodiuihlul\ 2
dmbyv:mlmthnwe ok glass, |

using o o teh, .
T mathof used 2 Ao at tavostigaty @1
that of Jays Jut vans o method of upting the
instosd of e largo, heavy vmmted ves, ltmaud

%mﬂwm 2 - |
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atandard ¥* recket igmiter struiped insile ¢ cart™eard eellax

may be dividal ixte
Jewmanreg required,
shargs.

resesn for vaing eh .V.E,

ongged eharge i that the loweat sorkisg pressures waies 3

The eaparimsntal arvangenmts ussld

ﬂms :
xmmmw

[}
m«wwa 3 .m.mmm“
; Histnalahai

thirwe typas asonyding ts the yange of
Toskat occudliioos appear to bLe cbiained with thisg

dmpesaibia
sopgel sharge.,
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By ) | # X3

Poy preamives fion ibout JON TrSuqds, $o 20U Yoo/ 1q.48,
B 3* ymoowted fiben Gut Bo werdois Tar: Ma and with O, 5 diamaten
i chakos were yead, The hargus used in Lhis dose wers of tulilup
8.0, sorMte 2,71 ~ D.n',wrgmg A6 1sngkl froe 14 to 20,5%
1 I%hc mr-wmn: ’nin'nw( !m.;"x.“'a'z‘)
| hgl s B the cherges THE arcangaauii Ia

thm il ¢ Ihe ting Barere Loterniptios of mm&m,
o3 fron ade, 50,35 oo ws e presavrs variod Loy
g woumih.prmm Ia thia pine the sasples terd %o luem
4 eway beforve the nhaxgs, o8 thit e reduation iz thickeosa nf the
tnnwh. aould B¢ Snoreasod Vzh“:’pmt ’m Par o, Mf:;o inturmpthu
k3

P

mmwm.

In eerly woupds the xamplch ware sttovhed to & smparats
wruoiform platforn ax in the Txpe {4} arrenguent. It vas found J
14

213y ot the higher working preseures. It wes thought that
this wes due to blast aa the tube wn purted from the shell ring
when interruption took piacs, The samples were of¥en found in s

Qamagel sondition on the Tistr of the firing shmder. In the
QoW aysten the n-qdu s oumanied ¢0 the shell ring ond of the
charge, Moroally the igniter would Be pladed in dsstellatisns at
¢the shellering end of the charge, tut the shove srrangement makes
lvitun fron the shell ring eni Jisfioult, snd peanibly dausges :
o8, Wozrla ignitisn was therefore mmployed ee shown In
DMW 2). Ocoaniopally Lynition Selayy were ehoctintered with
Agwitern fmmang o B, 8371.C. 'F grwe lotws snd 7 g,
of m). M iculty sppenred o b

ty orergoms by us!
WWA:MWM&%M in frout of the nossle
i Attanpta were mide o daterrupt tha burting st provsures

- sbove 2000 1b, q:r P40, ut thaad wore not vory sugesseful. It
o four suell ting phuds, Mred u the Luumpm

L was Tound that
; trives oS afudhbrgiyrig Jocdibpe Fra T i

L} @ »o; " t;
would be tu use ﬂwam; dredle J

g v 2 matinfogbmy thobiow of His v ke of Type (o}
and ‘Type (b} is Shas Prassozomting 5 &5 TesscRably
rootangulay dn & Syplied m voootd shtained with

1 p mmgm.-rma(.)u-mmmamumm
0

3.3 Irpe (o), perinents) arrangesent

of Boys {Armasauts Resssrch Departwent)® Tho mettod of. .
A2 a2aiar to 1N fer voibed vesysls rentioned

in the introdurticn. Tha lnivial Wwe 1 pressure wey produced
. Yy igniting & quantity of 0,048* diaseior §,C. vard, sinu the

‘vessel was compietely slosed a fiat Fressurs Fece

rould only bu cbtatned ap & yeawlt &7 ¥ falling proumﬂ ﬂw o

hut lemgen b-hmin; a riaing rme:m dne to burning of the

In o8 sl of txo mam:les the

prossurs wan ln:ar.'l.ly but -xwy.y vising during bursing,

® Detalls oF this methad hatk et y¥% bod S ijahed, ¥
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ite vzlme for the samparutive rete of
tuficg oar b ritained by ompparing Alrestiy e distsowe
buned off the spesinen in umit tine with tint bumel off
standard the

(o) W0 rate of Wurming of 5,U. as s fumctise (le-t
yrossure, snd (b) the comparstive retd of Lursing of e
o (Xp)) of pressmra,
Them )Jp}hmmolm-nwofmnd‘ib
yertimilar popell - " o ! F pefer
of ant the ol of ‘he
at g Choose s peisd 8 dividing
the resswse curve pertiom, for shich ‘b

18 spproxisatsly censtasd
5‘3"—-‘- ‘urnt eﬂ"!h nql:l, vhen we hgve

TERGY vt 4 j’&ps‘{m_‘la
[ sea e [sp ar
(3

“w . 12

® o0 reforeyme (1) from whish thie arye a darived
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y be sdnee e
o to £ and tha rates of burning of 3,U,
imilar of
we o from the
wlue of oarremoniing
In tie onga of the

wna 1960 1b, per sq,in,
at hnlf wurat of Y85 1b, por aq.in,

ive ratou of e of the

Qanmn prepellants to sbaolute rates it was mooesanry to
the sbaolute rate of g of the Aard st

el o A ite mazies of experiwmts was
oarried aut for this purpose,

! Beciamial Setalls

Instead of the ususl awmle (3* x * x 2%) a eingls
tubular smple of 1119575, (2,71% ~ 0,75%) was used,
This was cade 3" lomt and cumcnted to tha top of the snia
charge, The tiis before interru.ting burning could them be
increassd, as the lipiting factor of smwple size no longor
applins, Times of 1.2 sed, &t JOO 1b, per Bvq.in, ‘o
0.7 apc. at 2000 1b, per sq.in, were uned in this way,

The arrungmeent is shown in flagrem 5, Befare the Seaple
whs attachied to the main ciargs its thicknoa: was measured
by means af & wiorcmeter with ons ball face, maitable far

It was found t0 be imposaible to use tubular charges
U0, at rach Yslew 400 1b, per nq.in, because of unstabls
burndng, Howewer cogged charges of 3,.U,K, oould be used
altheugh the tims of burning could not b inoressed bayand
abaut Oe> soc, on account of the relatively smell thickneas
of cardite in the cogged charge,

214624 7
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A8 *4ith omgurative rotos ¢f Luming correcticne ere ncem.ory

if the pressure ocurve doparte frou o rectamler cha,o. lredsure
records et 700,130 and 2200 It, yor 34, in. 3r¢ alump ia Graphs

3, 4 end 5, 1t 2e t0 be expectod Lt due $¢ the ral.tavely long
tiney of burning in theev rvccrds the ecrreeti n due to the initisl
risin® part f the pressure curve :1ll be ammil encurh to :«
neglectad, Thia fact .0e cetul lished by w:.ns of the foliveing
onalysie,

he2s Doteils of cilrulntiop £ so. urate stslu 1 tes of bumm:

Lat ua dencto Ly 8 the rato nf burning in 11.e. e sec,
actusdiy cocur-ing an these expuriients, whalo UALLG S 8 scove
for the funetion of P fShought to te the tuet rate o luming
comistent with prova-us reaults, If 84 represents the measured
aacunt turnt ofr tho §.U. sasple we heve

re L4
ad = Bac + , Bar.

N O )

[oae, <
/s
J B 4c
The ten A is the stall ocorrection
ff 8
e

$omm contriluted Ly the finits tize taken for the riss of
' Tm ve can replace B by S . de
dn—:h-—nv:;uorl,’s-tmu-dnunr:m

and obtain the moan wiue of S corregpend to this
48 in the e.ove paragraph which 1a s e

f"s‘.u

J;SJ&-

ng

214624 8
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Henoe tho 10am value of 3 eorresponiiag to 3 1a given by

_ star. f) [ sae
B = Ad 4 SR ——

(fsae) L osu

fors of

have
betwean B and » 3inos the relatiomship batemwn 8 and
P ie knowm fran lhounm'c rouul ta.

Beamination of the presaurs reccrds shows that correctioms
are likely t> ta grestest in the regionof 2000 1b, par eq. ims,
eince 4% ia hore that the initial rise to & maSimm pressure
Sekeg the greatest proporticn »f the total durning tims, Rowewer
ntmlmmdmmmnu-,mrmh.nrlq. ing -

although the durping time is long the seaurs tenda VW dnp
Sowards the ond of burming, due probably 10 ¢ reductios is the
total burning eurface, 3isce the tubular charges uud wers

unlnprumr-thncﬂmofthm [dlad
a8 uruing proossda is more ooticesbls st low pressures
than et high pressures. Ounuwnluchrmnmofbm
were Shovefors uimnu, according to the ®beve equs » ton
and 2000 b, per aq, inm., With Yha ol felhlll‘

Prassura

1b, per eq.in, :=| 695, 2190 680, 2210
fiate of burning

in, /avo. o] 0,301, 0.559, 0.302, D566

The wnworreoted valuos in the shove table were obtained directdy W

. S0 5007, and Grewn’s were
oarried cut with 8.C. at 80°P, our senples were at
5079, when fired, In correstiag and Gaeen's
figare of O.4 per cent, ineresase in the rets of burning fer
190, side in ture wvas used,

SREV

214624 9
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3. Hewults and Aiscuspion

The sorples of Germas smad Sritinh jrojolluots -oze cut frac .
stiocks norwmally used in rooksts, Jxcert in tho cosa off tha 1800 Kge
rooket sssisted Loub no great differonce is the resulte fruc faffersat
sticks was cbeervel. Only two sticke of iritieh Rii, ' -37.5. were
eonatdored, twe sticks of Garmso *2% B¥, twao sticks «f 21 C%, cne
nl:k fran tha 28 om Wurfkorper and to eticks fraz e 13°0 XKg, boadb,

The propellant from the 21 om, murfgrenate Spre was Jiv d-d into two
types, 21 B and 21C, It wos thought srighaally that 21 & projellsst
was suitable for tum orats clisatic conditions ard 21 C for tro;iesl
cenditions, Howewvor, chaulnol analysis reveals little ifforencs in
Sospositics betweon 21 B and 21 C, slthough ths rates cf burmang of
2 B are slifhtly greater (6 per uut -c 1200 1%, jer 83, in,*) than
thoae of 21 C, as shown in Graphs B 9.

Unusual rosults vers ubtained with the 1800 Kg. taubd , 2. ellest,
Samples fraa atick 1 shoted no diffsrence bstweon the rute. cf turning
8 two perpendiculsr directicns of ths samie sample, Gome sad, los
l‘lh wtiok (4) hovevor gnve ratos of tuming difforing by as wuch
an 1% per cent, ic the two ;erjendicular dirvections, Refarring to
Diagrem (&; ropreaenting & croesesection of « charge and of & veazls,
tha l\‘n e of bumning is slorg A P ond the lower rate along C D.
Also the finul cross-ssctional shape of the sample is showr ty the
dotted line, It seons that layers of cordits naarcr to the surfeoe
of the originel chargs burn fastor. Howsver, inconsistent results
ware ‘obtained, ewen with smijles cut fren the seme otick and fired
same round upder iderticsl copditioms, For instasce four
of 4600 Xg, bomk propsllamt {Mtick &) fired .r ths cue !
round with s s of R,N,1937.5, ss stopdard gove tba following '
omparative rates of durning i~

Direction A B Direction C D
Sesple 1 w70 0,60
Sample 2 0,68 0,6¢
Sample 3 0,70 c.70
fmple & 0.69 0,66

resulta for the 1800 X, LVemb (3tiok &) are sbown in
0 4n which ¢ Alatinction is nado Detween the rutos of burning
Aizeotions A B und C D, The curves through thess foists csn
wh on socount nf the irsegulsrity of tha results,
Mluﬁi sre sleo showy io graph 10, Tha resson
ln:-l thia propellamt beheving Sifrarently frem .
I.mn u-h-n. bt it would 3robebly ds reveaiel ty (6)
salysis of the differsnt loyers, Crawford sad Husy eat
Oucrease of the burning rets with imoressed humdity r-
nap xts, so that of by
of the 1 u.\-m-umu—nnuuumu
=planstion for the abeve results,

13
igﬁfgg

Fgl

it

lhl-.llrﬁwp-' popallant ahown
eetm o be guite —-.nu:, -dmmmu
e lnesr then wsual,

i
v
e

10 B 1
- ms'uuz; 10




o w0 |
k. he pudnte show myhﬁuruhtmrmw
! » of RUA9ST B, st 5P,

»odid ourve Yo unta Pikels
;¢ vesulis for 8,0, chossn for oaspariach. s ix littls |
Kt difference b.ﬁvnn the rnulh ar ﬂhucklntnn. ho:n and Pikn,
L “the tweon the results of &yl and
@ . Plke, In géneral Boyn! yesultz are sbont & per sent. greater x |
than Pike's, the difference Vetwson cur nm:. and *th-n (4
Boyx exodpt et low g o3 whare, for 4 at 400 2y,
'p-r 8qs 30. Boys' resulte ars 8§ por cent, less then ovur, |
F . It is %o e pated that there are 2iflerennes of the order of |
5 par oout, betwoen diffferont manufoctured lots wt foctnelly thn
yropeliaat,

! |

Some results for tive rates of f Gorman \
prapellants in the rogion of 3000 1b, por sq. AR, ui ghven S L |
3n @& following tn\:h. Shese are Aproximate a8 no

only
sorrectionh have been im:uad. Arrangeuents of Type (C) were
usod -to oblaid these results,

Porperature of sasplon viou fired 60°F, apprer. T
3 Covgarative Hate |
Fressure of Barning |
. F 21 n.mn-fgn_me- Spr, gg’l}g lb./.'tq;in. :;gs with f"lsg::nt %0 8.0s ‘
2t @ wurfgranato Spr. | 228 . |78 £ o |
: 3150 76 .

(1) e uomnntive wates of humiug of fivo propellests at low
¥y o burning teotnigue,
8w Bw-. A.R.v. Salt, rcport F/hE,

(2) Tals work ses dope in the R,D, 1 1238; the resplia vore

Btocussed by DR, Nartrec, ‘Theory of tie intarnel belliotios |
of the U.%, 4,0, 1027/T8k,

£3)  An alternavive sothod of neaniiring the re%ed of burning of |
propellants ond Lts apclicction 4o 8.8, H.H., Fike ond
B. Green, 4&.R,D. Boll, Roport 1G/th,

{4) The riochsudss of jr=-Cy LuPning, F. Deniels oand collsloYoetors, |
FoD.R0, Raport & = 23 (0,3.R.5, To, 3206). Jar. 154k,

{3) Coservatiois on the Burnlup of dwiEle Lana povdara, |

Drovfesd
Hugrett rud MeBrady K.L.F,C, Herort & - 268 (n.a.mb. No, 35:;).,,
; Aprid, 194, Bee aloo -

j‘ {6} Diruet ieavurement of burning Yatea by sn elegiric Lisdng
b fmthod, Orawford and Huguott £.0,R,0. Rupurt A =286 |
" ; (0.8.R.D. Ho, 4009) Aujues, (Ph,

(7] Woto sur la vitesse de coububtion des pouiires sollcfiules b |
‘Ponction da la yrovuios ot d¢ la trmperveturs das pat Wi,

Hunrs Fursour, Bulletin de ls Socldte shemique Cu Prance, sers -
Avril, 1942,
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ABSTRACT:

Experimental dats are given on the measurement of the rates of burning at zero gas velocity of
several German propellants and of a British S.U. propellant. The German propellants tested

were the 21 cm Wurfgranate Spr., the 28 cm Wurfkoerper, the 1800 kg rocket assisted bomh,

and a sample of Britisb S.U. cordite. Pressures ranging from 400 to 2000 Ib/sq in. and as high

as 3000 lh/sq in. were used. Three-inch rocket tubes of various iengths, fitted with special cbokes,
were used in place of venturis.
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were used in place of venturis.

DISTRIBUTION: LIMITED. Copies obtainable from CADO by U.8. Gov' t Agencies only.

Experimental data are given on the measurement of the rates of baraing at zero gas velocity of
several German propellants and of a British 8, U. propellant. The German propellants tested
were the 21 c¢m Wurfgranate Spr., the 28 ¢m Wurfkoerper, the 1800 kg rocket assisted bomb, and
a sample of British 8, U, cordite. Pressures ranging from 400 to 2000 Ib/sq in, and as bigh as
3000 Ib/sq in. were used. Three-inch rocket tubss of various lengths, fitted with special chokes,
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Record Summary: AVIA 41/283
Title: German propellants and British SU propellant: measurement of rates of burning at
zero gas velocity
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
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Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.

The document has been released under the 30 year rule.

(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.



